Abstract Worker perception of risk influences worker behavior and consequently exposure to risks. However, an inverse relationship between perception of occupational risks and work-related injuries has not yet been
Introduction
Occupational injuries are defined as injuries occurring due to work performed at the service of a company, causing a functional alteration and/or bodily lesion in the worker. Such injuries generally entail a sudden interruption in the work process, which is traumatic for both the victim and his/her coworkers, who are often subject to similar risks. In addition, occupational injuries constitute a burden for the company, leading to a reduction in the number of personnel hours worked, and thus a loss in production and an increase in cost per unit produced.
Methods used to study the causality and control of occupational injuries include those focusing on workers' perception of risks experienced at work. Examples of such approaches are the Causal Tree Method (Monteau, 1977) and the Italian Worker's Model (Oddone et al., 1967) .
Worker perception of risk influences worker behavior and consequently exposure to risks. Prevention depends partially on risk identification (Schilling, 1989) . Moreover, workplace safety relies partially on worker ability to recognize hazards that could result in personal injury (Harrel, 1990) . In fact, many authors have hypothesized an inverse relationship between perception of risk and self-protective behavior (Arbuthnot, 1977; Laurence, 1974; Preston, 1983; Rundmo, 1992; Stewart-Taylor & Cherries, 1998) . This notion appears to be essential to some theoretical models, holding that the motivation for self-protective behavior is a function of anticipation of negative consequences of risk exposure and the desire to minimize these outcomes (Ajzen, 1988; Becker, 1974; Prentice-Dunn & Roger, 1986) . Also, as in many other models related to the adoption of protective behavior, perception of risk plays an important role (Cleary, 1987; Dejoy, 1996; Prochaska et al., 1992; Weinstein, 1988; Weinstein & Sandman, 1992) . However, an inverse relationship between perception of occupational risks and work-related injuries has not yet been clearly established.
Understanding relationships between risk perception, behavior and occupational exposure is important in the control of work-related injuries. This is an area of occupational health research requiring more study (Stewart-Taylor & Cherries, 1998) . Research on perceptions of occupational risk is important because perceptions are a logical and empirical precursor to actions that could reduce danger (Harrel, 1990) .
This study aimed to assess differences in perception of injury risks in the workplace among workers who had suffered occupational injuries as compared to those who had not, as a contribution to methods focusing on the accident victims' views in studying occupational injuries.
Subjects and methods
A matched case-control study (Rothman & Greenland, 1998) was performed with a casecontrol ratio of 1:4 (Ury, 1975) in a metallurgical factory with some 1,800 workers in the State of São Paulo, in southeastern Brazil.
Cases were defined as all workers who had suffered occupational injuries in the factory from January 1 to December 31 1996, and who met the following conditions: (a) the injury caused the worker to miss at least one day of work for treatment and recovery; (b) the injury victim agreed to participate in the study; and (c) the injury did not prevent the worker from filling out the questionnaire during the first 7 days after it occurred.
After an occupational injury has occurred in a sector of the factory, a member of the research team interviewed the injured worker, explaining the aims of the research and asking for his participation. After that, the injured worker's colleagues were also told about the purpose of the research and were asked to collaborate in the study. Controls were matched to injury victims (cases) based on factory sector and job. Thus, for each injured victim included in the study, four other workers who had not suffered accidents were allocated to the study as controls. Controls were chosen from among individuals working in the same sector, and on the same job as the victim on the day of the injury, as well as during the four previous workdays. Controls were allocated at random after their agreement to participate in the study.
In this study, occupational risks are defined as risk factors (Kleinbaum et al., 1982) present in the work process and environment, associated to an increased likelihood of the occurrence of an occupational injury. Perception of risk for occupational injuries is defined as the capacity to identify and quantify an occupational risk.
Perception of risks for occupational injuries was assessed by using a questionnaire developed by Corrêa Filho (1994) , who wrote, tested, applied, and discussed its validation in a casecontrol study held in the city of Campinas, Brazil, during the years 1993 and 1994. The questionnaire, which was modified slightly for the purposes of this study, consisted of two sections. In the first section the workers answered questions posed to them by an interviewer, including personal identification data, years of schooling, time on the current job in the factory, and number of previous injuries. In addition, for injury victims, the questionnaire characterized the injury in terms of the ultimate causative agent, topography of the lesion, and resulting time off the job. The workers themselves filled out the second section of the questionnaire. It consisted of 18 direct questions on specific risks pertaining to problems in work relations, work per se, and mode of production. The following is a list of risks investigated in the 18 questions, along with the names allotted to them to facilitate reference (in parentheses and italics): Workers were instructed to mark the answer by drawing a line intercepting a horizontal straight line 11 centimeters long, based on the importance they ascribed to the risk referred to in the question. Answers were quantified as the distance between the beginning of the straight line on the left and its intersection with the mark made by the worker. This procedure was based on response measurement methods proposed by Monk (1989) , and Horne & Ostberg (1976) . The questionnaire is shown in Table 1 .
Both injury victims and control group members answered the same questionnaire in two stages at home, under the supervision of an interviewer. This two-stage application was per- Table 1 Questionnaire on occupational risks filled out by the workers. formed in order to evaluate changes in the perception of occupational risks among injured workers and colleagues between the time the injury occurred and three months later. The first stage, called t 1 , occurred from 1 to 7 days after the injury had occurred. Accident victims and controls were asked to answer the questionnaire using the day of the injury and the four workdays preceding it as the time reference. The second stage, called t 2 , occurred between 91 and 97 days after the injury. Both injury victims and controls were asked to answer the questions in the second round based on this last workweek.
Risk recognition by injury victims and controls at the time of the injury (t 1 ) was compared in two ways. The first relied on Wilcoxon ranksum tests (Snedecor & Cochran, 1980) , a nonparametric procedure for testing whether distribution of answers to the 18 questions has the same location parameters in cases and controls. The second comparison was performed by adjusting a conditional logistic regression model (Armitage & Berry, 1994 ) with a matching ratio of 1:4 (Ury, 1975) , where the dichotomous dependent variable was the occurrence of occupational injury (where no = 0 and yes = 1) and the continuous independent variables were the measurements taken from the answers to the 18 above-mentioned questions, along with the covariables age, time on the job, years of schooling, and number of prior occupational injuries. The variables were selected using the forward method, with a significance level for entering the model of α = 0.05.
A complementary analysis was the comparison of injury victims' and controls' perceptions of occupational risks at time of injury (t 1 ) and 90 days after (t 2 ). This comparison was performed by adjusting a conditional logistic regression model with a 1:1 matching ratio, where the moment in which the questionnaire was applied is a dependent dichotomous variable (t 2 = 0, t 1 = 1), and the independent variables are the 18 questions. This model was adjusted separately for injury victims and controls.
The Wilcoxon rank-sum tests and the logistic regression analysis were performed using the SAS 6.12 for Windows software, sub-programs NPAR1WAY Procedure (SAS Institute Inc., 1989) and PHREG Procedure (SAS Institute Inc., 1990), respectively.
Results
Do to well-planned vigilance in the factory, there were no under-diagnosed injuries during the research period. During the study period 93 occupational injuries entailing at least one day off the job occurred in the factory area, corresponding to an incidence density of 51.7 injuries/1,000 worker-years. Injury victims were all males, aged from 19 to 60 years (mean = 32.2, standard deviation = 8.7). Their years of schooling ranged from 2 to 13 (mean = 7.4, standard deviation = 7.7). Their occupations included the following: automobile painter, carpenter, electric equipment fitter, electrician, finisher, glass painter, glassworker, laminator, leather machinist, locksmith, operator, production assistant, stockroom controller, and toolmaker. The injured workers and their colleagues were informed about the purposes of this study, and they all agreed to participate in the research. As all injuries were mostly light or moderate, they didn't prevent the injured workers from filling out the applied questionnaire.
Most injuries were contusions, fractures, cuts and acute arthopathies. They affected primarily the workers' hand, eyes, thoracolumbar region and feet. Most ultimate causative agents of these injuries were falls, shocks, motorized hand-operated tools and excessive physical effort. Most injuries caused the worker to miss up to 14 days of work for treatment and recovery. Tables 2, 3 , 4, and 5 show the distribution of injuries based on the above-mentioned variables.
A total of 372 controls that were matched for work sector and job occupied at time of injury were allocated to the 93 injury victims, making a total of 465 workers included in the study.
Use of the two-tailed Wilcoxon rank-sum tests with a level of a significance equal to 0.1 led to rejection of the hypothesis of equivalent answers by injury victims and controls to the questions referring to the risks coded as non compliance, hostility, wrong, avoid, safety, maintenance, turned off, inspect, sloppy, individual, local, and equipment. Table 6 shows the mean values ascribed by injury victims and controls, as well as the statistics obtained by applying this test to the 18 questions.
Upon adjusting the conditional logistic regression model to the data obtained using the questionnaire with injury victims and controls at moment t 1 , the following variables were selected as significant (α = 0.05):
• Non-compliance (question 1, (Armitage & Berry, 1994) . Table 7 shows statistics and estimates obtained in the above-mentioned adjustment.
Upon adjusting the above-mentioned model to the data obtained from the questionnaire filled out by the injury victims at times t 1 and t 2 , no significant variable was observed (a = 0.05). When adjusting the same model using data given by the control group at times t 1 and t 2 , the following variables were selected as significant:
• Turned off (question 11, 
Discussion
This study aimed to compare victims of occupational injuries and non-injured workers as to their perception of occupational risks. Cases and controls were matched as part of the strategy to achieve this aim. Differences in answers to the questionnaire resulted from individual differences in recognizing these risks. That is, since matching was performed in strict agreement with the job position and de facto occupation during the week preceding the injury, one can say that each matched group was subject to the same occupational risks, except for (Corrêa Filho, 1994:133) .
The Wilcoxon rank-sum test was used as a non-parametric procedure for testing whether distribution of answers to the 18 questions has the same location parameter for cases and controls. This was an initial, exploratory, univariate approach that did not take into account possible confounders and interactions among the study variables and aimed to check differences in response patterns by injury victims and controls that might be associated with their degrees of recognition of the risks under investigation. Using this test, it was observed that for 12 of the 18 questions, answers from injury victims and controls were significantly different. Particularly noteworthy was the fact that for 11 of these 12 questions, the z statistic associated with the comparison between injury victims and controls was consistently negative, indicating that the location parameters for the distributions of these 11 answers from the injury victims were to the left of the respective parameters for the control group, as shown in Table 6 . Based on the way the questions were drafted, under the premise that as a result of matching, injury victims and controls were exposed to the same occupational environment and process, the higher the score marked by the worker, the greater the perception of the respective risk tested. Thus, based on this first approximation, one can conclude that on an average the perception of occupational risks was lower among injury victims than among controls.
Use of logistic models in case-control studies traditionally aims to identify differentials in exposure to risk factors for a given disease or attribute, controlling confounders and identifying interactions among the risks studied. However, due to the matching mentioned above, it makes no sense to interpret the results of the conditional logistic model used as indicators of exposure differentials. In this particular situation, the adjustment acts as an indicator of differences in risk perception between injury victims and controls. Thus, in adjusting the abovementioned logistic model, exclusion of 14 of the 18 questions contained in the questionnaire does not mean absence or non-perception of the risks specifically raised in these questions. What it does mean is that perception of those risks by injury victims did not differ from that of their controls. The forward method for selection of variables was used due to the lack of a prior hierarchical explanatory model.
Based on Table 7 , injury victims and their controls differed at the time of injury with regard to recognition of the risks non-compliance, wrong, turned off, and sloppy. As for the risk non-compliance, perceived to a greater degree by injury victims, the response pattern may be related to a prevalent culture among Brazilian companies, which tends to ascribe heavy responsibility for the occurrence of injuries to non-compliance with the standards established by their safety services (Almeida et al., 2000) . However, what calls one's attention is the response pattern associated with the risks wrong, turned off, and sloppy. On average, injury victims had a more limited perception of these risks than their controls. Unit increases in the values ascribed to the questions on the risks wrong, turned off, and sloppy were associated with variations in the odds ratio perception/injury of 0.93, 0.86, and 0.92, respectively. Due to the design used, a population-based case-control study (Rothman & Greenland, 1998) with risk set sampling of controls (Robins et al., 1986) , the odds ratio estimates obtained coincide with incidence density ratios (Pearce, 1993) , which are relative risk measures. As compared to controls, during the week of the injury, victims reported working less on jobs other than their own (wrong) and that there was less hazardous load movement and mixing (sloppy) in their workplace. What is most noteworthy are the answers to the question on the Table 5 Distribution of injuries based on time off the job among occupational injury victims in a metallurgical factory. Southeastern Brazil, 1996.
Time off job (days)
Number of events Relative frequency (%) risk turned off. Injury victims systematically referred to a lower frequency of machines with safety or protective devices that did not work or were turned off as compared to the control group, which, due to the matching, worked exactly at the same jobs, with the same occupations, and during the same period as their coworkers and were thus subject to the same situation with regard to these machines.
Admitting that injury victims and controls were similar with regard to the risks to which they were exposed, one concludes that at least for the risks wrong, turned off, and sloppy, the injury victim group tended to recognize risks less than the control group at the time of the accident. This low perception is perhaps even underestimated, as recall bias might be expected to cause workers to remember higher risks Table 7 Estimates and statistics produced by adjusting a conditional logistic regression model with data obtained from applying the questionnaire among occupational injury victims and controls at the time t 1 in a metallurgical factory. Southeastern Brazil, 1996. during and shortly before the time of their accident ( Johnson & Tversky, 1983) . Considering that individual risk perception is directly related to attitudes and behaviors in prevention of occupational injuries (Dejoy, 1996) , one can raise the hypothesis that more limited perception of certain risks makes workers more vulnerable to occupational injuries, which obviously does not imply that responsibility for such injuries falls on the victims themselves. These results match those of Laurence (1974) , who classified 405 mining injuries in terms of a human error model. He found perceptual failures to be the most important source of error underlying these injuries. Also, Corrêa Filho (1994) studied a group of 164 occupational injury victims (cases) and 325 non-injury victims (controls), and his findings appear to agree with the hypothesis raised above. When asking the study group about risk situations perceived in the workplace, the author observed that "only 2.4% of the cases recalled some risk situation in the previous 15 days, as compared to 16.3% of the controls" (Corrêa Filho, 1994:80) .
No difference was observed when comparing occupational risks perceived by injury victims at the time of the injury (t 1 ) and 90 days later (t 2 ). Upon attempting to adjust a 1:1 conditional logistic regression model, in which the moment the questionnaire is answered is analyzed as a function of the answers marked by the injury victims at the two different moments in time, none of the questions was kept in the model. That is, no differences were found between the answers given by occupational injury victims at these two different points in time. However, when the same adjustment was performed on the data furnished by the control group, perception of the risks: turned off, awful, and individual, were significantly different 90 days after the injury as compared to the time at which it occurred. In this case, too, the forward method for selecting variables was used due to the absence of a prior hierarchical explanatory model. Table 8 illustrates this adjustment. It is important to note that among the questions selected, two indicate that the occupational risk situation at the time of the injury was greater than that experienced 90 days later. That is, the control group reported, on average, that with regard to the second round of the questionnaire (t 2 ), at the moment of the injury (t 1 ) there were more machines with safety devices not working (turned off) and more work being done with bad equipment for the job (awful).
One possible explanation for this data is that at different times and in different sectors of the factory under study, specific, temporary risk configurations were established, sparking off sets of events that contributed to the occurrence of the 93 reported injuries. Although such configurations imply non-differentiated risks for the workers directly involved, the injuries were not randomly distributed. On the contrary, there was a greater probability that they would affect workers with less perception of such risks, thus placing them at greater risk of these occupational injuries. In the second round of the questionnaire, 90 days after the injuries, the above-mentioned risk configurations may no longer have been present, or they may have been present to a lesser degree, given that no injuries occurred at such time in the specific factory sectors. Since risk perception by injury victims was less than that of controls, as shown in the first model performed as described above, analysis of injury victims' answers did not differentiate the two points in time. Still, it was possible to differentiate on the basis of the answers from the control group, who displayed a more acute perception of the occupational risks studied. The control group indicated a situation of greater risk at the time of the injury than at the second point in time. By way of conclusion, this study's findings suggest that the degree of perception that workers with occupational injuries have of at least some risks for such injuries is lower than that of their non-injured coworkers. As a corollary, the set of measures needed to reduce the frequency and severity of occupational injuries should also include ways to expand risk-perception capacity by workers, in addition -obviously -to decreasing hazardous conditions in the workplace. The immediate implication of this finding is that risk assessment for occupational injuries based on self-reported questionnaires filled out by injury victims can underestimate or even distort the presence and relevance of such risks. Such assessments should also consider the opinions of coworkers who have not suffered occupational injuries.
